To investigate the association of familial history (FH) of diabetes with the glycaemic control status of patients with type 2 diabetes (T2D), a cross-sectional study using stratified cluster sampling was conducted with 20,340 diabetic patients in Jiangsu, China. In total, 21.3% of the subjects reported a FH of diabetes. Patients with a FH of diabetes showed a higher risk of poor glycaemic control (59.7%) than those without a diabetic FH (49.8%), with an odds ratio (OR) of 1.366 (P < 0.001). Glycaemic control status did not significantly differ between the T2D patients with parental FH and those with sibling FH. Compared with patients with paternal FH, patients with maternal FH had a higher risk of poor glycaemic control (OR = 1.611, P = 0.013). Stratified analyses showed that a FH of diabetes was significantly associated with poor glycaemic control among T2D patients with a low education level (P < 0.05). In the <60 years old, overweight, and low level of physical activity groups, patients with a maternal history of diabetes showed a higher risk of poor glycaemic control than those without a FH (P < 0.05). In conclusion, FH of diabetes, especially a maternal history, had an independently adverse effect on the glycaemic control of T2D patients.
risk (none or only one SDR) 30 . However, few investigations have investigated the relevance of a FH of diabetes and glycaemic control status in the Chinese population. In the present study, we examined the relationship between a FH of diabetes and the glycaemic control of T2D patients using a combined evaluation of fasting plasma glucose (FPG) and haemoglobin A1c (HbA1c).
Methods

Subjects.
A cross-sectional study using stratified cluster sampling was conducted in 65 townships of three areas (Changshu in Suzhou City and Huaiyin and Chuzhou in Huai'an City, Jiangsu Province, China), and a total of 39,564 patients with T2D were targeted. Townships operating solely within the health care programme of the National Basic Public Health Service (2012) were included. From the 44 selected townships, 23,240 of the T2D patients were recruited for this investigation. According to the criteria established by the American Diabetes Association (ADA) in 2010, T2D patients were defined as having FPG levels ≥7.0 mmol/L or a self-reported T2D history without type 1 diabetes. A total of 20,340 subjects consented to complete a standardized epidemiology questionnaire and physical examinations. All examinations were performed within two months (from Dec 2013 to Jan 2014). FPG and HbA1c measurements were collected from 20,015 and 19,997 of the T2D patients, respectively, and 19,992 of the T2D patients had both FPG and HbA1c data available. General characteristics of the participants are shown in Supplementary Table 1 .
The study protocol was approved by the Ethics Board of the Jiangsu Provincial Centers for Disease Control and Prevention (No. 2013026). All patients were well informed about the study and provided written consent before participating; all methods were performed in accordance with the relevant guidelines and regulations.
Questionnaire survey, anthropometric measurements, and biochemical indices detection. The investigators were trained and qualified in a standardized manner. The training contained all the relevant information and procedures for the questionnaire, anthropometric measurements, blood sample collection and processing, and quality control. The investigators were qualified after the training and prior to the formal investigation. Personal information on the T2D patients, including demographic characteristics, medical history, and lifestyle factors, was collected using a standardized questionnaire.
Anthropometric measurements, including height and body weight, were obtained by trained technicians. Body weight and height were measured twice in individuals ensuring that heavy clothes and shoes were removed before measurements, and the figures were rounded to the nearest 0.1 kg and 0.1 cm, respectively. Body mass index (BMI) was calculated as weight (kg)/height squared (m 2 ).
Blood samples were collected 8 hours after the participant's last meal or after an overnight fast. Fasting plasma glucose was assessed using the enzymatic method, and the whole blood HbA1c level was assessed using commercially available reagents from KingMed Diagnostics (Jiangsu Cultural Industrial Park, Nanjing, China).
Definition. The outcome assessment indices for the glycaemic control of T2D were categorized as <7 mmol/L (controlled) and ≥7 mmol/L (uncontrolled) for FPG and <7% (controlled) and ≥7% 31 (uncontrolled) for HbA1c. In addition, an evaluation of HbA1c and FPG combined was used to assess glycaemic control status. The level of glycaemic control was defined as "good", "common" and "poor" when the criteria of HbA1c <7% (53 mmol/ mol) and FPG <7 mmol/L were both met, when either criterion was met, and when neither was met, respectively.
Patients' educational levels were classified into 4 categories as follows: "without formal education", "primary", "middle school", and "high school and above". Smoking habits were analysed by "yes" or "no" responses to the question, "Have you ever smoked 100 cigarettes in the past"? Drinking was defined as consuming at least once alcoholic drink per month, and drinking habits were categorized into "current", "former" and "no drinking". Subjects with a BMI of 18.5 to 23.9, 24 to 27.9, and ≥28 kg/m 2 were defined as normal weight, overweight, and obese, respectively 32 . Duration of T2D was defined as the time between the survey and the time the patient was diagnosed with T2D. Physical activity included both dynamic behaviour and static behaviour. Dynamic behaviours represented physical activities at work, transportation, and leisure time. The intensity of activities was defined as vigorous or moderate during work and leisure time according to the duration and amount. The level of participants' physical activity per day was then assessed by estimating the metabolic equivalent (MET). By its definition, the MET is a ratio of the working metabolic rate to a standard resting metabolic rate of 1.0 (4.184 kJ) · kg −1 · h −1 , and 1 MET was considered the resting metabolic rate obtained in a sedentary setting 33 . The weekly time participants engaged in dynamic behaviours was divided by 7 to generate the average time of daily activity. For the purpose of rapid scoring, the following MET levels were assigned to each class of activity: sleep = 1 MET; static activity = 1.1 METs; moderate activity = 4 METs, and vigorous activity = 8 METs 34, 35 . In the stratified analysis, age (year) was categorized into <60 and ≥60 years old, and physical activity was classified as low (MET < 31.22) or high (MET ≥ 31.22) based on the median MET (31.22) .
According to whether the patients' father, mother, sibling, grandparents/maternal grandparents, uncles, and/ or aunts were reported to have diabetes, the FH of diabetes was generally categorized into "parental", "sibling", and "other relatives". Based on the combination of parental FH, sibling FH, and other relatives FH, patients were categorized into eight groups, and their average HbA1c and FPG level and glycaemic control status are shown in Supplementary Table 2 . Patients with "parental only" history of diabetes were further classified into three groups: "maternal", "paternal", and "bi-parental". The diabetes status of the patients' spouses was also investigated.
Statistical analysis. The mean (SD range) was calculated for continuous variables with a normal distribution, whereas those with a skewed distribution were described as the median [inter-quartile range (IQR)]. A chi-square (χ 2 ) test was used for the comparison of categorized variables. Student's t-test and analysis of variance (ANOVA) were used to compare the normally distributed continuous variables, and Mann-Whitney U test was used to compare abnormally distributed data. Logistic regression analyses were performed, and the relative risk was estimated as the odds ratio (OR) and 95% confidence interval (CI). Stratified analyses were conducted by age, gender, education, BMI, antidiabetic treatment, and physical activity. Bonferroni correction was performed for multiple comparison tests. A two-tailed P value < 0.05 was considered to indicate statistically significance. All statistical analyses were performed using IBM SPSS Statistics 15.0 (SPSS, Inc, Chicago, USA) and Stata 12.0 (College Station, TX, USA).
Results
General characteristics of participants. The average age of the subjects was 63.35 ± 9.86 (years), and 39.2% of the subjects were male. Overall, 32.0% of T2D patients had a FPG level considered controlled (<7 mmol/L), and 41.9% were controlled based on HbA1c (<7%). With regard to glycaemic control according to both FPG & HbA1c, 25.7% of the patients achieved a good level, 22.4% were in the common level, and the remaining 51.9% were poorly controlled. A total of 917 patients were excluded for missing data regarding their FH of diabetes, and an additional 200 patients were excluded for missing information about details of their FH. As a result, 21.3% of the total 19,075 patients self-reported a FH of diabetes, and 18,875 individuals provided detailed information about their FH, in which the percentage of familial diabetes from their mother, father, and both parents represented 5.9%, 2.6%, and 0.8%, respectively (Supplementary Table 1 ).
Demographic characteristics among glycaemic control groups. The demographic characteristics
and FH of diabetes were listed according to glycaemic control status as determined by FPG and HbA1c levels ( Table 1) . Overall, the patients with glycaemic control in terms of HbA1c <7% and FPG <7 mmol/L had a slightly higher age but a shorter duration of T2D and lower BMI than those with HbA1c >7% and FPG >7 mmol/L (P < 0.001). Patients who were female, did not smoke, had a spouse with diabetes, did not receive antidiabetic treatment and had no FH of diabetes had a significantly higher proportion of controlled HbA1c <7% and FPG <7 mmol/L than their counterparts (P < 0.05). Current drinkers had a lower proportion (28.2%) of controlled FPG <7 mmol/L than those who never consumed alcohol (32.7%) (P < 0.001).
The differential characteristics noted above were also observed among patients with "poor", "common" and "good" levels of glycaemic control (Table 1) . Thus, these factors were adjusted for when evaluating the association between FH of diabetes and glycaemic control.
Glycaemic control status among the groups with a FH of diabetes. A lower proportion of patients
with a FH of diabetes were under glycaemic control than those without a FH (P < 0.05) based on HbA1c (33.9% vs. 44.0%), FPG (24.1% vs. 34.0%), and HbA1c & FPG (17.7% vs. 27.8%) ( Table 1) .
The FPG and HbA1c levels and proportion of glycaemic control in terms of FPG, HbA1c and HbA1c & FPG did not significantly differ between the "parental and sibling", "parental only", and "sibling only" groups (P > 0.05, Table 2 ), and no significant difference in the proportion of those with glycaemic control based on FPG, HbA1c and HbA1c & FPG was observed between the parental and/or sibling, other relatives, and both parental and/or sibling and other relatives groups (P > 0.05, Supplementary Table 3 ). Meanwhile, glycaemic control according to HbA1c <7% increased gradually across the "bi-parental", "maternal", and "paternal" groups (25.9%, 33.4%, and 40.1%, respectively) (P trend < 0.01), and the proportion of those with "good" glycaemic control based on HbA1c & FPG (15.3%, 16.5% and 21.9%, respectively) also increased across the three groups (P trend < 0.01). By contrast, no significant difference in FPG or HbA1c levels was observed between the three groups (P > 0.05).
Association analysis of FH of diabetes and glycaemic control.
Regarding the analysis of the association between FH of diabetes and glycaemic control, Model 1 was adjusted for age, gender, education, smoking, drinking, antidiabetic treatment, spouse with diabetes, duration of diabetes and BMI, and the results are shown in Supplementary Tables S4 and S5 . Considering the missing data for physical activity (n = 1232), Model 2 included the covariates in Model 1 plus physical activity, and the results are shown in Tables 3 and 4 . Overall, the fit of the two models was comparable.
Subjects with a FH of diabetes showed a significantly higher risk of poor glycaemic control (OR 1.366, 95% CI 1.225-1.524) after adjusting for the covariates compared with those without a FH (Table 3) . Patients with a "parental only", "sibling only" and "parental and sibling" history of diabetes had a significantly higher risk of poor glycaemic control than patients without a FH, with ORs (95% CIs) of 1.282 (1.072-1.534), 1.437 (1.244-1.660) and 1.411 (1.055-1.886), respectively. Nonetheless, after Bonferroni correction (P value × 4), "parental only" and "sibling only" histories of diabetes remained significantly associated with a higher risk of poor glycaemic control (adjusted P < 0.05). In addition, compared with patients without FH, patients with a "maternal" history had a higher risk of "poor" glycaemic control (OR 1.449, 95% CI 1.155-1.818), and the association remained significant (P = 0.003) after Bonferroni correction (P value × 3). Furthermore, patients with a "sibling only" and "maternal" history also had a higher risk of "common" glycaemic control, with ORs (95% CI) of 1.384 (1.180-1.623) (adjusted P value by Bonferroni correction was <0.001) and 1.343 (1.041-1.732), respectively.
Compared with a "paternal" history of diabetes, a "maternal" history of diabetes resulted in a higher risk of poor glycaemic control (OR 1.611, 95% CI 1.106-2.347), and the correlation remained significant (P = 0.039) after Bonferroni correction (P value × 3) ( Table 4 ). By contrast, no significant difference in "poor" glycaemic control was found between the "parental and sibling", "parental only" and "sibling only" FH groups (P > 0.1), and there was no significant association between FH of diabetes and "common" glycaemic control among T2D patients with parental and sibling FH of diabetes.
Stratified analyses of the relationship between FH of diabetes and glycaemic control. Stratified
analyses were conducted based on gender, age, education, BMI, antidiabetic treatment, and physical activity. The results of each stratified analysis, after adjusting for age, gender, education, BMI, antidiabetic treatment, physical activity, smoking, drinking, spouse with diabetes and duration of diabetes except stratification factor, are presented in the figures (Figs 1-3 ) as well as in Supplementary Tables S6-S10. Each of the figures contains six independent stratified analyses with adjusting for variables except stratification factor.
For each stratum of gender, age, BMI, antidiabetic treatment and physical activity, the T2D patients with a FH of diabetes had a higher risk of "poor" glycaemic control than those without a FH of diabetes (Fig. 1 ). In addition, among patients with formal and primary education, individuals with a FH of diabetes had a higher risk of "poor" glycaemic control than those without a FH, and the corresponding ORs (95%CIs) were 1.383 (1.133-1.688) and 1.557 (1.289-1.881), respectively. However, no difference in glycaemic control was found among patients with a relatively high level of education (middle school or high school and above).
Compared with patients without a FH of diabetes, a maternal history of diabetes was associated with a higher risk of "poor" glycaemic control among patients who were overweight (OR 1.944), aged <60 years (OR 1.653) and engaged in a low level of physical activity (OR 1.660), with P values < 0.05 even after Bonferroni correction (P value × 4) ( Fig. 2) . However, there was no significant difference in glycaemic control between paternal history of diabetes and no FH of diabetes in each stratum (P > 0.05, Fig. 3 ).
The homogeneity test showed that the association between a FH of diabetes (vs. without FH of diabetes) and "poor" glycaemic control was heterogeneous among patients with different education levels, as was the association between a maternal history of diabetes (vs. no FH of diabetes) and "poor" control among BMI and gender groups (P < 0.05). 
Discussion
Blood glucose levels are known to fluctuate over time and are influenced by several factors, including physiological metabolism, behaviour and lifestyle 36 . HbA1c reflects the average blood glucose level for the most recent three to four months and is considered an important predictive index of T2D prognostic events 37 . In this study, HbA1c and FPG were both assessed as a combined index to help evaluate glycaemic status. The results indicated that T2D patients with a FH of diabetes had a significantly higher risk of poor glycaemic control and that maternal FH in particular, rather than paternal FH, had a strong negative association with glycaemic control. Logistic regression was used to estimate the OR (95%CI) and each stratified analysis was adjusted for age, gender, education, BMI, antidiabetic treatment, physical activity, smoking, drinking, spouse with diabetes and duration of diabetes except the corresponding stratification factor. OR: odds ratio; CI: confidence interval.
In addition, in the current study, the glycaemic control of T2D patients whose spouses had diabetes was found to be better than those whose spouses did not have diabetes. A study by Amber J 38 suggested that shared expectations for spouse involvement could accelerate spouse's attempts to improve T2D patients' adherence to dietary interventions to improve glycaemic control.
The prevalence of a FH of diabetes in this study was 21.3%, which was clearly less than the rates of 30.7% among Australian T2D patients (Fremantle Diabetes Study), 34% among Danish T2D patients, and 35% among Italian T2D patients 9, 23, 25 . Here, we observed that patients with a FH of diabetes were diagnosed at an earlier age than those without a FH of diabetes. These results were consistent with a series of previous studies [9] [10] [11] [12] [13] . Additionally, in this study, a maternal history of diabetes had a significant adverse effect on glycaemic control in T2D patients aged <60 years, and this finding suggested that people diagnosed with T2D in early life were more likely to have worse glycaemic control 21, 22 .
Previously, studies have observed only a single glycaemic control index, either FPG or HbA1c, and have mainly investigated the influence of parental FH of diabetes. A study of 359 urban African-American T2D patients indicated a barely significant impact of a FH of diabetes on HbA1c level 24 . A longitudinal study of patients of multiple ethnicities 25 reported that serum FPG and HbA1c remained significantly higher in T2D patients with a maternal FH of diabetes but not a paternal FH after adjusting for age, diabetes duration, and treatment type, although gender and BMI, which appeared to have an important influence on glycaemic control, were not adjusted for in that study. By contrast, a cross-sectional study of 2,113 T2D patients in Italy observed no significant influence of parental diabetes on glycaemic control 23 . Meanwhile, our current study also observed that T2D patients with a sibling who had diabetes tended to have a higher risk of "poor" or "common" glycaemic control based on the combined FPG & HbA1c index.
The results of this study suggest that maternal FH, rather than paternal FH, has a strong negative association with glycaemic control. Similarly, previous studies have indicated a stronger maternal-offspring correlation in terms of T2D compared with the paternal-offspring correlation [39] [40] [41] . These differential effects between paternal and maternal history of diabetes may contribute to the influences of maternally determined environments (intrauterine and early postnatal), genomic imprinting, and nutritional/lifestyle factors on diabetes [27] [28] [29] . Genomic imprinting can be inherited maternally rather than paternally or vice versa in several regions of the diabetes-related genome or in molecular modifications of DNA in germ-line cells 42, 43 .
Previous studies have reported that overweight and obesity were risk factors for glycaemic control in patients with diabetes 44 . In this study, the stratified analysis indicated that among overweight patients, maternal FH was a risk factor for poor glycaemic control. Boule, N. G. et al. reported that "high intensity exercise shows benefits with HbA1c reduction" 45 . Similarly, this study observed that in patients with a low level of physical activity (MET Figure 2 . Stratified analysis of the comparison of poor glycaemic control between T2D patients with maternal history of diabetes and patients without a FH of diabetes by age, gender, education, BMI, antidiabetic treatment and physical activity. Logistic regression was used to estimate the OR (95%CI) and each stratified analysis was adjusted for age, gender, education, BMI, antidiabetic treatment, physical activity, smoking, drinking, spouse with diabetes and duration of diabetes except the corresponding stratification factor. OR: odds ratio; CI: confidence interval. <31.22), but not in patients with a high level of physical activity (MET ≥ 31.22), maternal FH was a risk factor of poor glycaemic control. Meanwhile, community-based lifestyle modification programmes have been shown to be effective not only in reducing important risk factors for diabetes but also in improving blood glucose control 46, 47 . These findings imply the importance of losing weight and improving physical activity for glycaemic control in T2D patients with a FH of diabetes.
According to the findings of the current study, for community-based T2D programmes, a FH of diabetes should be routinely evaluated. This information may help determine the risk factors for poor glycaemic control in susceptible patients and may facilitate the process of designing effective family-based risk assessment and risk reduction strategies.
Our study has several strengths. First, this study used cluster sampling to survey representative T2D patients from a community-based diabetes management system and had a large sample size (20,340 subjects) to detect the influence of FH of diabetes on glycaemic control of T2D patients; these factors enabled higher statistical power and stable relevant results. Second, FPG, HbA1c and a combination of FPG and HbA1c were jointly used to assess glycaemic control, and these indices provided a comprehensive estimation of diabetes control among T2D patients. Third, the association between FH of diabetes considering various relatives and glycaemic control provided further insight into aggregate familial effect on diabetes incidence and hyperglycaemia 48 . Some limitations also existed in this study. The 'sibling' category might also include biologically unrelated siblings who were not identified by self-reporting; however, the proportion of siblings in this category would be low. In addition, a cross-sectional design was used, and thus causal inferences could not be made for the association of FH of diabetes with glycaemic control.
Conclusion
The present study contributes novel evidence regarding the significant difference in the association between parental history of diabetes and glycaemic control, and low education levels and overweight could further the risks presented by a FH of diabetes. These findings have important implications for clinical interventions targeted to patients with a familial history of diabetes, particularly a maternal history. Figure 3 . Stratified analyses of the comparison of poor glycaemic control between T2D patients with a paternal history of diabetes and patients without a FH of diabetes by age, gender, education, BMI, antidiabetic treatment and physical activity. Logistic regression was used to estimate the OR (95%CI) and each stratified analysis was adjusted for age, gender, education, BMI, antidiabetic treatment, physical activity, smoking, drinking, spouse with diabetes and duration of diabetes except the corresponding stratification factor. OR: odds ratio; CI: confidence interval.
